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OMNI-DIRECTIONAL AUDIBLE NOISE
SOURCE LOCALIZATION APPARATUS

BACKGROUND

Field

The present disclosure relates generally to sound systems,
and more specifically to systems and methods for providing
three-dimensional sound for three dimensional video.

Related Art

In the related art, sound (noise) problems for products

have been diflicult to share between developers and custom-
ers. This 1s because sound 1s a sensory evaluation and cannot
generally be shared unless developers and customers are 1n
the same situation (e.g., position, environmental conditions)
to hear the particular sound.
In related art implementations, surround sound technol-
ogy have been developed for reproducing the three dimen-
sional sound direction and spread when recording and
reproducing the sound. Surround sound can be reproduced
with special microphones. Such related art implementations
are expected to promote mnformation sharing with product
developers and customers.

In related art implementations, there are virtual reality
(VR) that are configured to produce three dimensional
audio, however, such related art implementations do not
provide any means for conducting actual recording of audio
nor do they provide any implementations for noise source
localization. Generally, even in related art implementations
involving surround sound reproduction method, there 1s no

description about noise source localization or recording for
such noise source localization.

SUMMARY

Related art implementations do not conduct any noise
source localization, which 1s a requirement to determine the
sound (noise) problem for a given environment. Related art
implementations have utilized the evaluation by a sound
pressure level (magnitude) typified by an acoustic camera.
However, an enclosed space such as a closed room becomes
a very complicated sound field due to the interference
involving multiple sound waves. In particular, in a moving
object such as a car or a train, the noise 1n the surrounding
environment, such as outside noise and air conditioning
noise are large even before the moving object begins to
move. It can be diflicult to clearly divide the noise of the
environment while the object 1s 1n motion from the other
noise at the sound pressure level.

Example implementations described herein involve a
moving object, and more particularly to a method of search-
ing for one or more noise sources Irom a microphone
capable of recording sound from all directions 1n the object.

Aspects of the present disclosure can 1nvolve a system,
which mvolves a microphone array involving at least four
microphones arranged along locations with respect to each
other 1n a three dimensional shape; a 360 degree camera; and
a processor, configured to, for audio receirved through the
microphone array, calculate three dimensional sound 1nten-
sity between two of the at least four microphones of the
microphone array; and overlay the audio on video feed of the
360 degree camera with the three dimensional sound inten-
sity with respect to a displayed view of the video feed.
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Aspects of the present disclosure can include a method for
a system involving a microphone array involving at least
four microphones arranged along locations with respect to
cach other in a three dimensional shape, and a 360 degree
camera; the method mvolving for sound recerved through
the microphone array, calculating three dimensional sound
intensity between two of the at least four microphones of the
microphone array; and overlaying the video feed of the 360
degree camera with the three dimensional sound intensity
with respect to a displayed view of the video feed.

Aspects of the present disclosure can include a computer
program, storing instructions for a system involving a
microphone array involving at least four microphones
arranged along locations with respect to each other 1n a three
dimensional shape, and a 360 degree camera; the instruc-
tions 1nvolving for sound received through the microphone
array, calculating three dimensional sound intensity between
two of the at least four microphones of the microphone
array; and overlaying the video feed of the 360 degree
camera with the three dimensional sound intensity with
respect to a displayed view of the video feed. The instruc-
tions can be stored in a non-transitory computer readable
medium.

Aspects of the present disclosure can involve an apparatus
connected to a microphone array involving at least four
microphones arranged along locations with respect to each
other 1n a three dimensional shape, and to a 360 degree
camera; the apparatus involving a processor, configured to,
for sound received through the microphone array, calculate
three dimensional sound intensity between two of the at least
four microphones of the microphone array; and overlay the
video feed of the 360 degree camera with the three dimen-
sional sound intensity with respect to a displayed view of the
video feed.

Aspects of the present disclosure can mmvolve a system,
which 1nvolves a microphone array involving at least four
microphones arranged along locations with respect to each
other 1n a three dimensional shape; a 360 degree camera; and
a processor, configured to, for audio recerved through the
microphone array, calculate three dimensional sound 1nten-
sity between two of the at least four microphones of the
microphone array; and overlay the video feed of the 360
degree camera with the three dimensional sound intensity
with respect to a displayed view of the video feed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a system outline of an apparatus, 1n accordance
with an example implementation.

FIG. 2 1s an example front view of the microphones
portion of the ambisonics microphone, 1n accordance with
an example implementation.

FIG. 3 illustrates an example arrangement of microphone
capsules and coordinate axes, in accordance with an
example implementation.

FIG. 4 illustrates an example system involving omnidi-
rectional 1mages, 1n accordance with an example implemen-
tation.

FIG. 5 illustrates an example flow for the device, 1n
accordance with an example implementation.

FIG. 6 1illustrates an example computing environment
with an example computer device suitable for use in
example implementations.

DETAILED DESCRIPTION

The {following detailed description provides further
details of the figures and example implementations of the
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present application. Reference numerals and descriptions of
redundant elements between figures are omitted for clarity.
Terms used throughout the description are provided as
examples and are not intended to be limiting. For example,
the use of the term “automatic” may involve fully automatic
or semi-automatic i1mplementations involving user or
administrator control over certain aspects of the implemen-
tation, depending on the desired implementation of one of
ordinary skill 1n the art practicing implementations of the
present application. Selection can be conducted by a user
through a user interface or other input means, or can be
implemented through a desired algorithm. Example imple-
mentations as described herein can be utilized either singu-
larly or in combination and the functionality of the example
implementations can be implemented through any means
according to the desired implementations.

Example implementations described herein mvolve sys-
tems and methods for an equipment capable of simultaneous
measurements of surround sound reproduction and noise
source localization in closed or open space. The systems and
methods are particularly used when surround sound repro-
duction and noise source localization are required 1n a
moving object of a closed space. A moving object 1n a closed
space 1s not limited to a specific product, as for example, an
automobile, a train, an elevator, or the like can be consid-
ered.

For noise source localization, example implementations
focus on the sound intensity indicating the amount and
direction of the acoustic energy flow. Since sound intensity
1s not easily influenced by background noise, example
implementations described herein can utilize sound intensity
to localize the noise source i a room 1nvolving a moving
object despite having loud background noise.

In example implementations, sound intensity can be cal-
culated by measuring the sound pressures of a plurality of
microphones and the distance between the microphones.

In example implementations described herein, a special
microphone used for surround sound pickup is utilized for
an evaluation point microphone, wherein the acoustic inten-
sity 1s calculated from the measured sound pressure and the
distance between the microphones wherein the omnidirec-
tional noise source can thereby be localized. With such
example implementations, surround sound reproduction and
noise source localization can thereby be performed at the
same fime.

According to the example implementations described
herein, it 1s thereby possible not to be influenced by back-
ground noise for a moving object, and 1t 1s also possible to
perform surround sound reproduction 1n all directions at the
same time without indirectly bringing in measurement
equipment for noise source localization measurement.

Hereinafter, example implementations of an omnidirec-
tional audible noise source localization apparatus will be
described with reference to the drawings.

FIG. 1 1s a system outline of an apparatus, 1n accordance
with an example implementation. In the example of FIG. 1,
the measurement aspect of the apparatus involves a special
microphone herein referred to as an ambisonics microphone
101, a sound recording device 102, and a video recording
device 103 configured to conduct omnidirectional shooting.
The analysis aspect of the apparatus involves a converter
104 for converting the sound picked up by the ambisonics
microphone 101 for VR ambisonics reproduction, and a
calculator 105 for calculating the sound intensity.

FIG. 2 1s an example front view of the microphones
portion of the ambisonics microphone 101, in accordance
with an example implementation. There are four micro-
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4

phone capsules 111, 112, 113, 114, with the microphones
facing outward from each face of a regular tetrahedron.
Surround sound reproduction, or ambisonics, 1s possible by
developing the spherical harmonic function of the signals
picked up by the four microphone capsules (111 to 114) by
the converter 104.

For using the microphone arrangement described herein,
example implementations further involve systems and meth-
ods for calculating the sound intensity from the signal of the
above ambisonics microphone 101, and conduct noise
source localization from the calculation. Specifically,
example implementations involve two methods of the opera-
tor 105 for calculating the sound intensity, the direct method
and the cross spectrum method. Either method can be
utilized 1n accordance with the desired implementation.

In a first example implementation, the direct method 1s
utilized for calculating the sound intensity as described
below.

FIG. 3 illustrates an example arrangement of microphone
capsules (111 to 114) and coordinate axes, 1n accordance
with an example implementation. Each microphone capsules
(111 to 114) are arranged at the vertexes of the regular
tetrahedron. The center of gravity G of the regular tetrahe-
dron 1s the acoustic center, and X, y, and z-axis coordinates
are defined as shown 1n FI1G. 3 with the acoustic center as the
Or1gin.

First, the sound pressure p0(¢#) at the acoustic center 1s
measured by each microphone and given as the average of
the sound pressures pl(¥) to p4(z)

1 3 (Equation 1)
PO = 3 ), pild)
i=1

When p0(?) 1s used, 1T a sound wave 1s approximated by
a plane wave at the distance Ar from the acoustic center to
cach microphone, the particle velocity ui(t) 1n the direction
of each microphone from the acoustic center can be obtained
by the following equation.

. 1 . (Equation 2)
ui(t) = — —— f {pi() — pO(D)}de
PAF

Where p 1s the density of the propagation medium.

On the other hand, considering the geometrical conditions
of the tetrahedron, the following relations exist between the
particle velocity ui(t) and particle velocity components
ux(t), uy(t), uz(t) in the x-, y-, and z-axis directions.

(Equation 3)
ul(r) = 2\E-wﬁy(r) + luz(;)
3 3
2 2 1 (Equation 4)
u (1) = gux(r) — guy(r) + §u:z(r)

D Y 1 (Equation 3)

u3d(1) = — %H}E(I) — guy(r) + §uz(r)
ud(t) = —uz(r) (Equation 6)

From these equations (Equation 3 to 6), the particle
velocity components 1n the X, y, z axis directions are derived
as follows.
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3 (Equation 7)
1= — 2 i) — 3 I
() = = = u2(0) = u3(0)
(1) = — —— 201 (D) — u2(0) — 13 (D) (Equation 5)
I - - — I — I — I
AW

1 (Equation 9)
uz(f) = — Z{Hl () + u2(0) + u3(r) — 3ud(r)}

The sound intensity can be obtained by the time average
of the product of sound pressure and particle velocity. In
other words, from Equations 1, 2 and Equations 7-9, it 1s
possible to measure three-dimensional sound intensity by
measuring the sound pressure with four microphone cap-
sules (111 to 114). Since the method as described can be
utilized 1n real time processing, the measurement can be
performed while watching the display at the site or the like.

In a second example implementation, the cross spectral
method 1s utilized to measure three-dimensional sound
intensity as follows. In this method, (Equation 2) 1s dis-
played in the frequency domain and the sound intensity I(x)
1s calculated approximately by the following equation which
1s processed.

(Equation 10)

f{x)=— dw

(o)

1 fﬂﬂ Im{Gy2 (x, W)}
2npAx

—xa

Where G, ,(X,m) 1s the cross spectral fTunction of the sound
pressures pl(?) and p2(¢) measured by the two microphones,
and Im{ } is the imaginary part. In other words, the
imaginary part of the cross spectrum of the sound pressure
measured by the two microphones 1s the inverse Fourier
transform. Since the cross spectrum is obtained from the
Fourier transform of the sound pressure, this method can
thereby correct the difference 1n sensitivity and phase char-
acteristics of each microphone.

From the above example implementation, 1t 1s possible to
calculate the sound intensity using the ambisonics micro-
phone 101 and to search for the noise source localization in
all directions. Therefore, example implementations make 1t
possible to perform surround sound reproduction and noise
source localization at the same time by using the ambisonics
microphone 101.

FIG. 4 1llustrates an example system 1mnvolving ommnidi-
rectional images, 1n accordance with an example implemen-
tation. As shown 1n FIG. 4, the noise source localization may
be performed visually using omnidirectional images. Also,
as long as the ambisonics microphone 101 can conduct
measurements at the same time, the four microphones may
be separate, but the apex position of the microphone should
be on the regular tetrahedron to facilitate the example
implementations described herein. However, depending on
the desired implementation, other shapes besides a tetrahe-
dron can be utilized so long as the sound intensity can be
calculated based on the measurements made between two
microphones within the microphone array. In such imple-
mentations, the equations as described herein should be
adjusted to measure sound intensity between two micro-
phones 1n accordance with the shape as used.

Further, multiple microphone arrays may be utilized in
accordance with a desired implementation along with mul-
tiple cameras. In an example implementation, multiple
instantiations of the system can be provided 1n each room 1n
a building and utilized as a surveillance system in which the
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6

audio and video feed between the instantiations can be
switched in accordance with the desired implementation.

FIG. 5 illustrates an example flow for the device, 1n
accordance with an example implementation. At 501, the
system as illustrated in FIG. 1 and FIG. 4 record sound
through the microphone array and video through a 360
degree camera. At 502, the three dimensional sound inten-
sity between the microphones of the microphone array 1s
calculated 1n accordance with the mplementations
described, for example, with respect to the equations pro-
vided herein. At 503, the spherical harmonic function of the
microphones signal 1s developed and a sound for surround
sound reproduction 1s created. At 504, the surround sound 1s
overlaid onto the video feed, wherein the surround sound
can be played with respect to the point of view that is
displayed from the video feed with the appropriate three
dimensional sound intensity. From such an example imple-
mentation, a user can navigate the video feed on an interface
in a 360 degree manner and then i1dentify and locate the
source of the sound on the interface with respect to the video
feed. In an example 1mplementation, the audio can be
overlaid on the video feed with a heat map indicator on the
video feed to indicate the location of the source of the audio
based on the calculated sound intensity. For example, 1n the
case where the object to be measured 1s 1n a steady state, an
omnidirectional picture may be used as a substitute for the
omnidirectional video.

FIG. 6 1illustrates an example computing environment
with an example computer device suitable for use in
example implementations, such as a sound recording device
or apparatus as illustrated 1n the system of FIGS. 1 and 4.
Computer device 605 1n computing environment 600 can
include one or more processing units, Cores, or processors
610, memory 615 (c.g., RAM, ROM, and/or the like),
internal storage 620 (e.g., magnetic, optical, solid state
storage, and/or organic), and/or I/O interface 625, any of
which can be coupled on a communication mechanism or
bus 630 for communicating information or embedded 1n the
computer device 605.

Computer device 605 can be communicatively coupled to
input/user iterface 635 and output device/interface 640.
Either one or both of mnput/user mterface 635 and output
device/interface 640 can be a wired or wireless interface and
can be detachable. Input/user interface 635 may include any
device, component, sensor, or interface, physical or virtual,
that can be used to provide 1nput (e.g., buttons, touch-screen
interface, keyboard, a pointing/cursor control, microphone,
camera, braille, motion sensor, optical reader, and/or the
like). Output device/interface 640 may include a display,
television, monitor, printer, speaker, braille, or the like. In
some example implementations, input/user interface 635
and output device/interface 640 can be embedded with or
physically coupled to the computer device 605. In other
example i1mplementations, other computer devices may
function as or provide the functions of input/user interface
635 and output device/interface 640 for a computer device
605. In example implementations involving a touch screen
display, a television display, or any other form of display, the
display 1s configured to provide a user interface.

Examples of computer device 605 may include, but are
not limited to, lighly mobile devices (e.g., smartphones,
devices 1n vehicles and other machines, devices carried by
humans and animals, and the like), mobile devices (e.g.,
tablets, notebooks, laptops, personal computers, portable
televisions, radios, and the like), and devices not designed
for mobility (e.g., desktop computers, other computers,
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information kiosks, televisions with one or more processors
embedded therein and/or coupled thereto, radios, and the
like).

Computer device 605 can be communicatively coupled
(e.g., via I/O mterface 625) to external storage 645 and
network 650 for communicating with any number of net-
worked components, devices, and systems, including one or
more computer devices of the same or different configura-
tion. Computer device 605 or any connected computer
device can be functioning as, providing services of, or
referred to as a server, client, thin server, general machine,
special-purpose machine, or another label.

I/O 1nterface 625 can include, but 1s not limited to, wired
and/or wireless interfaces using any communication or I/O
protocols or standards (e.g., Ethernet, 802.11x, Universal
System Bus, WiMax, modem, a cellular network protocol,
and the like) for communicating information to and/or from
at least all the connected components, devices, and network
in computing environment 600. Network 650 can be any
network or combination of networks (e.g., the Internet, local
area network, wide area network, a telephonic network, a
cellular network, satellite network, and the like).

Computer device 605 can use and/or communicate using,
computer-usable or computer-readable media, including
transitory media and non-transitory media. Transitory media
include transmission media (e.g., metal cables, fiber optics),
signals, carrier waves, and the like. Non-transitory media
include magnetic media (e.g., disks and tapes), optical media
(e.g., CD ROM, digital video disks, Blu-ray disks), solid
state media (e.g., RAM, ROM, flash memory, solid-state
storage), and other non-volatile storage or memory.

Computer device 6035 can be used to implement tech-
niques, methods, applications, processes, or computer-¢x-
ecutable 1nstructions in some example computing environ-
ments. Computer-executable instructions can be retrieved
from transitory media, and stored on and retrieved from
non-transitory media. The executable instructions can origi-
nate from one or more of any programming, scripting, and
machine languages (e.g., C, C++, C #, Java, Visual Basic,
Python, Perl, JavaScript, and others).

Processor(s) 610 can execute under any operating system
(OS) (not shown), 1n a native or virtual environment. One or
more applications can be deployed that include logic umit
660, application programming interface (API) unit 665,
iput unit 670, output unit 673, and 1nter-unit communica-
tion mechanism 693 for the different units to communicate
with each other, with the OS, and with other applications
(not shown). The described units and elements can be varied
in design, function, configuration, or implementation and are
not limited to the descriptions provided. Processor(s) 610
can be in the form of physical processors or central pro-
cessing units (CPU) that 1s configured to execute instruc-
tions loaded from Memory 615.

In some example implementations, when information or
an execution instruction 1s recerved by API unit 665, 1t may
be communicated to one or more other units (e.g., logic unit
660, mput unit 670, output unit 675). In some instances,
logic unit 660 may be configured to control the information
flow among the units and direct the services provided by API
unit 665, input unit 670, output unit 675, 1n some example
implementations described above. For example, the tlow of
one or more processes or implementations may be controlled
by logic unit 660 alone or 1n conjunction with API unit 665.
The 1nput unit 670 may be configured to obtain mput for the
calculations described 1n the example implementations, and
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the output unit 675 may be configured to provide output
based on the calculations described 1n example implemen-
tations.

Processor(s) 610 may be configured to execute the flow of
FIG. 5 to facilitate functionality for the systems as illustrated
in FIGS. 1 and 4. Such a system can involve a microphone
array involving at least four microphones arranged along
locations with respect to each other in a three dimensional
shape as illustrated in FIGS. 2 and 3 and a 360 degree
camera.

In an example implementation, processor(s) 610 can be
configured to for audio received through the microphone
array, calculate three dimensional sound 1intensity between at
least two of the at least four microphones of the microphone
array; and overlay the audio on video feed of the 360 degree
camera with the three dimensional sound intensity with
respect to a displayed view of the video feed as illustrated in

FIG. 5 and as described with respect to FIGS. 1-5.

As 1llustrated 1n FIG. 3, the three dimensional shape
arrangement can be a regular tetrahedron.

As 1llustrated 1n FIGS. 3 and 4 and with respect to their
corresponding description, processor(s) 610 can be config-
ured to calculate the three dimensional sound intensity
between the at least two of the at least four microphones of
the microphone array by calculating the three dimensional
sound 1ntensity based on an inverse Fourier transform of a
cross spectrum of the sound pressure measured by the at
least two of the at least four microphones.

As 1llustrated 1n FIGS. 1 and 2 and with respect to their
corresponding description, processor(s) 610 can be config-
ured to calculate the three dimensional sound intensity
between the at least two of the at least four microphones of
the microphone array by calculating a sound pressure of an
acoustic center of the microphone array; deriving a particle
velocity between each of the at least four microphones of the
microphone array and the acoustic center; and calculating
the three dimensional sound 1ntensity from particle velocity
calculations along an X, v and z axis based on the derived
velocity between the each of the at least four microphones
ol the microphone array and the acoustic center.

Depending on the desired implementation, the micro-
phone array can be an ambisonics microphone consisting of
four microphones as 1illustrated in FIG. 2.

Processor(s) 610 can also be configured to overlay the
audio on the video feed of the 360 degree camera with the
three dimensional sound intensity with respect to a displayed
view of the video feed through a heat map representation of
the three dimensional sound intensity on the video feed.
Depending on the desired implementation, the heat map can
be 1n the form of a color mtensity (e.g., yellow to red) or grey
scale intensity based on the calculated sound intensity,
which can provide an indicator on the video feed as to the
location source of the sound. Other heat map representations
can be utilized 1n accordance with the desired implementa-
tion, and the present disclosure 1s not limited to any par-
ticular heat map representation.

Some portions of the detailed description are presented in
terms of algorithms and symbolic representations of opera-
tions within a computer. These algorithmic descriptions and
symbolic representations are the means used by those skilled
in the data processing arts to convey the essence of their
innovations to others skilled in the art. An algorithm 1s a
series of defined steps leading to a desired end state or result.
In example implementations, the steps carried out require
physical manipulations of tangible quantities for achieving a
tangible result.
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Unless specifically stated otherwise, as apparent from the
discussion, it 1s appreciated that throughout the description,
discussions utilizing terms such as “processing,” “comput-
ing,” “calculating,” “determining,” “displaying,” or the like,
can 1nclude the actions and processes of a computer system
or other information processing device that manipulates and
transforms data represented as physical (electronic) quanti-
ties within the computer system’s registers and memories
into other data similarly represented as physical quantities
within the computer system’s memories or registers or other
information storage, transmission or display devices.

Example implementations may also relate to an apparatus
for performing the operations herein. This apparatus may be
specially constructed for the required purposes, or it may
include one or more general-purpose computers selectively
activated or reconfigured by one or more computer pro-
grams. Such computer programs may be stored 1mn a com-
puter readable medium, such as a computer-readable storage
medium or a computer-readable signal medium. A computer-
readable storage medium may nvolve tangible mediums
such as, but not limited to optical disks, magnetic disks,
read-only memories, random access memories, solid state
devices and drives, or any other types of tangible or non-
transitory media suitable for storing electronic information.
A computer readable signal medium may include mediums
such as carrier waves. The algorithms and displays presented
herein are not inherently related to any particular computer
or other apparatus. Computer programs can involve pure
soltware implementations that involve instructions that per-
form the operations of the desired implementation.

Various general-purpose systems may be used with pro-
grams and modules 1n accordance with the examples herein,
or 1t may prove convenient to construct a more specialized
apparatus to perform desired method steps. In addition, the
example implementations are not described with reference
to any particular programming language. It will be appre-
ciated that a variety of programming languages may be used
to implement the teachings of the example implementations
as described herein. The istructions of the programming
language(s) may be executed by one or more processing
devices, e.g., central processing units (CPUs), processors, or
controllers.

As 1s known 1n the art, the operations described above can
be performed by hardware, software, or some combination
of software and hardware. Various aspects of the example
implementations may be implemented using circuits and
logic devices (hardware), while other aspects may be 1mple-
mented using instructions stored on a machine-readable
medium (software), which 1f executed by a processor, would
cause the processor to perform a method to carry out
implementations of the present application. Further, some
example implementations of the present application may be
performed solely in hardware, whereas other example
implementations may be performed solely 1n software.
Moreover, the various functions described can be performed
in a single unit, or can be spread across a number of
components 1 any number of ways. When performed by
soltware, the methods may be executed by a processor, such
as a general purpose computer, based on instructions stored
on a computer-readable medium. If desired, the istructions
can be stored on the medium 1 a compressed and/or
encrypted format.

Moreover, other implementations of the present applica-
tion will be apparent to those skilled in the art from
consideration of the specification and practice of the teach-
ings of the present application. Various aspects and/or com-
ponents of the described example implementations may be
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used singly or in any combination. It 1s intended that the
specification and example implementations be considered as
examples only, with the true scope and spirit of the present
application being indicated by the following claims.

What 1s claimed 1s:

1. A system, comprising;

a microphone array comprising at least four microphones

arranged along locations with respect to each other 1n
a three dimensional shape;

a 360 degree camera configured to provide video feed

having a full 360 degree field of view coverage; and
a processor, configured to:
for audio received through the microphone array, cal-
culate three dimensional sound intensity between at
least two of the at least four microphones of the
microphone array, the three dimensional sound rep-
resentative of intensity amount and direction of the
acoustic energy flow from each localized sound
source 1n the audio; and
overlay the audio on video feed of the 360 degree
camera with the three dimensional sound intensity
with respect to a displayed view of the video feed;
wherein the processor 1s configured to calculate the
three dimensional sound intensity between the at
least two of the at least four microphones of the
microphone array by calculating the three dimen-
sional sound intensity based on an inverse Fourier
transtorm of a cross spectrum of the sound pressure
measured by the at least two of the at least four
microphones.
2. The system of claim 1, wherein the three dimensional
shape 1s a regular tetrahedron.
3. The system of claim 1, wherein the microphone array
1s an ambisonics microphone consisting of four micro-
phones.
4. The system of claim 1, wherein the processor 1s
configured to overlay the audio on the video feed of the 360
degree camera with the three dimensional sound intensity
with respect to a displayed view of the video feed through
a heat map representation of the three dimensional sound
intensity on the video feed.
5. A method for a system comprising a microphone array
comprising at least four microphones arranged along loca-
tions with respect to each other 1n a three dimensional shape,
and a 360 degree camera configured to provide video feed
having a full 360 degree field of view coverage; the method
comprising;
for audio received through the microphone array, calcu-
lating three dimensional sound intensity between at
least two of the at least four microphones of the
microphone array, the three dimensional sound repre-
sentative ol intensity amount and direction of the
acoustic energy flow from each localized sound source
in the audio; and
overlaying the audio on video feed of the 360 degree
camera with the three dimensional sound intensity with
respect to a displayed view of the video feed;

wherein the calculating the three dimensional sound
intensity between the at least two of the at least four
microphones of the microphone array comprises cal-
culating the three dimensional sound intensity based on
an 1verse Fourier transform of a cross spectrum of the
sound pressure measured by the at least two of the at
least four microphones.

6. The method of claim 5, wherein the three dimensional
shape 1s a regular tetrahedron.
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7. The method of claim 5, wherein the microphone array
1s an ambisonics microphone consisting of four micro-
phones.

8. The method of claim 5, wherein the overlaying the
audio on the video feed of the 360 degree camera with the
three dimensional sound intensity with respect to a displayed
view of the video feed through a heat map representation of
the three dimensional sound intensity on the video feed.

9. A system, comprising;:

a microphone array comprising at least four microphones

arranged along locations with respect to each other 1n
a three dimensional shape;

a 360 degree camera configured to provide video feed

having a full 360 degree field of view coverage; and

a processor, configured to:

for audio received through the microphone array, cal-
culate three dimensional sound intensity between at
least two of the at least four microphones of the
microphone array, the three dimensional sound rep-
resentative of mtensity amount and direction of the
acoustic energy flow from each localized sound
source 1n the audio; and
overlay the audio on video feed of the 360 degree
camera with the three dimensional sound intensity
with respect to a displayed view of the video feed;
wherein the processor 1s configured to calculate the
three dimensional sound intensity between the at
least two of the at least four microphones of the
microphone array by:
calculating a sound pressure of an acoustic center of
the microphone array;
deriving a particle velocity between each of the at
least four microphones of the microphone array
and the acoustic center; and
calculating the three dimensional sound intensity
from particle velocity calculations along an x, y
and z axis based on the derived velocity between
the each of the at least four microphones of the
microphone array and the acoustic center.

10. The system of claim 9, wherein the three dimensional
shape 1s a regular tetrahedron.

11. The system of claim 9, wherein the microphone array
1s an ambisonics microphone consisting of four micro-
phones.
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12. The system of claam 9, wherein the processor 1s
configured to overlay the audio on the video feed of the 360
degree camera with the three dimensional sound intensity
with respect to a displayed view of the video feed through
a heat map representation of the three dimensional sound
intensity on the video feed.

13. A method for a system comprising a microphone array
comprising at least four microphones arranged along loca-
tions with respect to each other 1n a three dimensional shape,
and a 360 degree camera configured to provide video feed
having a full 360 degree field of view coverage; the method
comprising:

for audio received through the microphone array, calcu-

lating three dimensional sound intensity between at
least two of the at least four microphones of the
microphone array, the three dimensional sound repre-
sentative ol intensity amount and direction of the
acoustic energy flow from each localized sound source
in the audio; and

overlaying the audio on video feed of the 360 degree
camera with the three dimensional sound intensity with
respect to a displayed view of the video feed;

wherein the calculating the three dimensional sound
intensity between the at least two of the at least four
microphones of the microphone array comprises:

calculating a sound pressure of an acoustic center of the
microphone array;

deriving a particle velocity between each of the at least
four microphones of the microphone array and the
acoustic center; and

calculating the three dimensional sound intensity from

particle velocity calculations along an X, v and z axis
based on the derived velocity between the each of the

at least four microphones of the microphone array
and the acoustic center.

14. The method of claim 13, wherein the three dimen-
sional shape 1s a regular tetrahedron.

15. The method of claim 13, wherein the microphone
array 1s an ambisonics microphone consisting of four micro-
phones.
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